Summary. Using a case-control design we have studied whether antibodies to cow's milk proteins are risk determinants for childhood-onset Type 1 (insulin-dependent) diabetes mellitus independent of early exposure to cow's milk formula and islet cell antibodies. Sera from 116 recentonset diabetic children and 112 age-and sex-matched control children were analysed for cow's milk protein IgA, IgG and IgM antibodies, fl-lactoglobulin IgA and IgM antibodies and islet cell antibodies. The titres were compared to questionnaire data on duration of breast-feeding and introduction of formula feeding. Most antibody levels tended to be increased among diabetic compared to control children. This was statistically significant for cow's milk protein IgA antibodies (p < 0.001) and fl-lactoglobulin IgA antibodies (p < 0.01) as well as for islet cell antibody-positivity which was found among 92 % of the diabetic and 3 % of control children. The differences in cow's milk protein antibodies as well as ~lacto-globulin antibodies were more pronounced among children with an early onset of Type 1 diabetes. Breast-feeding duration was significantly inversely related to the log of fl-lactoglobulin IgG (r = -0.16, p = 0.04) and the log of cow's milk protein IgA antibodies (r =-0.17, p <0.001). A positive correlation was found between formula feeding and the logarithm of fl-lactoglobulin IgG antibodies (r = 0.22, p = 0.01) and the log of cow's milk protein tgA antibodies (r = 0.16, p = 0.04). In a multiple logistic regression analysis it was found that IgA antibodies to J3-1actoglobulin and cow's milk protein were significantly related to the risk of Type 1 diabetes independent of islet cell antibodies. When introducing formula feeding before the age of 4 months as a variable in the regression it was shown that islet cell antibodies and fl-lactoglobulin IgA antibodies were still significantly and independently related to an increased risk of diabetes whereas cow's milk protein IgA antibodies did not add further to the regression. It is concluded that fl-lactoglobulin IgA antibodies are significantly associated with an increased risk of diabetes at a young age independent of islet cell antibodystatus and of an early weaning to cow's milk formula. In genetically susceptible children early exposure to fl-lactoglobulin might be one trigger in the autoimmune process leading to development of Type i diabetes.
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Increasing evidence suggests that the aetiology of Type 1 (insulin-dependent) diabetes mellitus is multifactorial. Genetic susceptibility seems to be a necessary but insufficient prerequisite for the development of the disease [1] . The repeated findings of social risk determinants for childhood diabetes [2, 3] indicate that lifestyle behaviour such as eating habits contribute to disease onset. In an ecological study it was shown that the mean milk consumption correlated to the yearly incidence of Type 1 diabetes [4] . Several studies have shown an association between a short duration of breast-feeding and childhood diabetes [3, 5, 6] which indicates that an early introduction of cow's milk proteins may be a risk factor for early-onset Type 1 diabetes. This is supported by animal experiments which have shown that addition of cow's milk proteins into rat chow increases the incidence of diabetes in the diabetes prone BB-rat [7, 8] .
In a Finnish study of Type 1 diabetic children [9] , some of whom had been recently diagnosed, increased levels of cow's milk protein IgA antibodies and fl-lactoglobulin IgA and IgG antibodies were found when compared to age-matched healthy control children. This finding could be confounded by other exposure related to an earlier introduction of cow's milk protein. It could also be the result of a non-specific stimulation of the antibody response at the onset of Type 1 diabetes in which case it is probably associated with the presence of islet cell antibodies (ICA). In the present study we have examined without knowledge of the sample identity antibodies to fl-lactoglobulin and other cow's milk proteins, in a large population-based case-control study of recent-onset diabetic children. The antibody levels were correlated to data on breast-feeding duration and introduction of cow's milk as well as to levels of ICA in order to answer the following questions: Are antibodies to cow's milk proteins risk determinants for childhood Type i diabetes? If so, is this increased risk dependent on an early exposure to cow's milk formula and a short breast-feeding duration? If so, is this increased risk independent of the level of ICA?
Subjects and methods
In a nationwide case-referent study covering all incident cases of Type 1 diabetes in Sweden, blood samples were collected from a total of 389 diabetic and 321 control children [10] . A blood sample was taken within 5 days after the diagnosis of diabetes. From a total of 710 serum samples we randomly selected (using random number tables) a sub-group ofsera from 116 diabetic children (59 male/53 female) and 112 control children (60 male/56 female). The mean age of the diabetic children +_ SD was 8.7_+4.0 years and for control children 8.7 + 4.3 years. Data on the duration of breast-feeding and introduction of formula before 4 months of age were obtained from a mailed questionnaire [10] . Formula was defined as cow's milk formula without flour supplementation.
Sera were stored frozen at -20~ until analysed for ICA and cow's milk protein antibodies. Islet cell cytoplasmic antibodies were analysed using an indirect two-colour immunofluorescence assay [11] . Sera were diluted 1:2, 1:4, 1:8 etc. until an end-point titre was found and levels converted to Juvenile Diabetes Foundation (JDF) units. All sera were tested without knowledge of sample identity in at least two separate assays. The ICA levels of the original group of 710 diabetic and control children have been reported previously [121.
Serum levels of antibodies to fl-lactoglobulin and cow's milk proteins were measured without knowledge of sample identity using an ELISA-technique [9] . Background absorbance as determined in duplicate from absorbances of blocking solution coated wells was subtracted from that of the antigen coated wells which was a mean of triplicate measurements. The absorbance was compared to a standard of serially diluted sera with a very high titre of cow's milk protein and fl-lactoglobulin antibodies. The levels of the antibodies are expressed as percent of the standard. The inter-assay coefficients of variance were as follows: cow's milk IgG 5.0 %, cow's milk IgA 13 %, /3-1actoglobulin IgG 21% and fl-lactoglobulin IgA 6.6 %. The detection limit for these antibodies was 0.02 % of the standard and thus fl-lactoglobulin IgG was measurable in 79 %, fi-lactoglobulin IgA in 40 %, cow's milk IgG in 99 %, IgA in 97 % and IgM in 96 % of all samples.
Statistical analysis
To achieve a normal distribution the antibody levels of fl-lactoglobuIin and cow's milk proteins were log transformed. For calculations of ICA levels the titre steps (reciprocal log titre) were used i.e. 1:2 = 1, 1:4 = 2,1:8 = 3 etc. with negative set as 0. For comparison between two groups we used Student's t-test for grouped data, for linear correlations Pearson's method and for multivariate analysis logistic regression analysis [13] using the antibody levels either as continuous or dichotomized variables. To test the goodness of fit of the models the likelihood ratio statistics was used [13] . Calculations were performed using the computer software QUEST (L. Gustafsson, University of Umefi, Ume~t, Sweden) and EGRET (Epidemiological graphics estimation testing statistical and epidemiological research, Corp., Seattle, Wa., USA).
Results
Cow's milk antibodies and fl-lactoglobulin antibodies are presented as geometric means in percent of standard and SD (Table 1) . For all age groups the antibody levels except 
Single correlations
The cow's milk IgA antibodies significantly correlated to the ICA level and there was a tendency to a correlation between ICA level and cow's milk IgG antibodies as well as to the fl-lactoglobulin IgA antibodies (Table 2 ). There were also significant correlations between cow's milk antibodies of different subclasses and IgG antibodies to fl-lactoglobulin. Breast-feeding duration was significantly inversely correlated to feeding of formula (r = -0.63,p < 0.001), the levels of fl-lactoglobulin IgG (r = -0.16, p = 0.04) and the logarithm of cow's milk protein IgA antibodies (r = -0.17, p < 0.001). A positive correlation was also found between formula feeding and the fl-lactoglobulin IgG antibodies (r ---0.22, p = 0.01) and the cow's milk protein IgA antibodies (r = 0.16,p = 0.04).
Multiple regression analysis
When introducing ICA and antibodies to fl-lactoglobulin and cow's milk into a logistic regression model together with age it was found that ICA (p < 0. To test the independence of antibodies as risk determinants to formula feeding all antibody levels were included in a model together with formula feeding (yes or no). In this model antibody levels were dichotomized using the geometric means + 2 SD in the control children as the cutoff level for positivity of antibodies to cow's milk protein and fl-lactoglobulin. It was then shown that both ICA and IgA antibodies to fl-lactoglobulin were significantly and independently related to an increased risk whereas cow's milk protein IgA antibodies were no longer significantly related to an increase in odds ratio (Table 3 ). The deviance of this model on 156 dfwas 46.4 and the likelihood ratio statistics on 8 dfwasp < 0.001. Thus, the increase in ICA, Islet cell antibodies COW' S milk IgA antibodies among diabetic children seems to be dependent on an early introduction of formula or is confounded by other related exposures whereas the fl-lactoglobulin IgA antibodies are associated with an increased odds ratio independent of all the other variables taken into account using this model.
Discussion
In this comparatively large population-based case-control study we have confirmed the previous report by Savilahti et al. [9] showing a significant increase in antibodies of the IgA class to both cow's milk protein and fl-lactoglobulin in recent-onset Type 1 diabetes. For both types of antibodies the difference was most pronounced in children with onset of diabetes before 5 years of age compared to the age-matched control children. Several studies have shown that Type 1 diabetic children have a shorter duration of breast-feeding than healthy control children [3, 5, 6 ] and a known relationship exists between an early introduction of cow's milk protein and levels of cow's milk protein antibodies of both the IgG and IgA classes [14, 15] . These antibody titres may not be aetiologically related to the risk of childhood diabetes but rather confounded by other risk determinants related to an early weaning. In our study we found a significant correlation between both the duration of breast-feeding and the age of introduction of formula and levels of fl-lactoglobulin IgG and cow's milk protein IgA. Using a multiple logistic regression analysis, however, we could show that IgA antibodies to fl-lactoglobulin were still significantly and independently related to an increased risk of Type 1 diabetes, whereas IgA antibodies to cow's milk protein were no longer significantly related to an increase in odds ratio. Thus, cow's milk protein antibodies may not be aetiologically related to Type 1 diabetes. However, this could be the case for fl-lactoglobulin IgA, as fl-lactoglobulin, which is one of the proteins present in cow's milk but not in human milk, has been shown to be highly antigenic [16] . Furthermore, structural homologies exist between fl-lactoglobulin and a retinolbinding protein [1"7] which has been found in cells of human pancreatic islets [18] . The finding of increased antibody levels to cow's milk proteins, including fl-lactoglobulin, could be a non-specific reaction to the acute autoimmune destruction of Beta cells at onset of diabetes. If this is the case these antibodies should be correlated to the titres of ICA. However, this was found only for cow's milk protein IgA antibodies and in the multiple regression analysis, these antibodies did not significantly contribute to the risk for diabetes when considering ICA. On the other hand, ~lactoglobulin IgA antibodies were independently related to the risk for diabetes which favours a more specific and independent relationship between Type i diabetes and increased levels of fl-lactoglobulin antibodies.
It has also been suggested that an increase in cow's milk and fl-lactoglobulin antibodies could be related to an excess intake of milk in children before the onset of diabetes. This is, however, contradicted by the finding of a decreased frequency of milk intake among diabetic 983 compared to control children who reported on frequent intake of food and milk before the onset of Type 1 diabetes [19] . In fact, together with the present study this indicates that children who were exposed early to cow's milk based formula developed a clinical or subclinical cow's milk intolerance which later led to a decreased cow's milk intake.
In conclusion an early exposure to cow's milk formula is related to an increased risk for early-onset Type 1 diabetes./3-1actoglobulin IgA antibodies are significantly associated with an increased risk of diabetes at a young age independent of ICA levels and of an early introduction of cow's milk formula. In genetically susceptible children early exposure to fl-lactoglobulin might be one trigger of the autoimmune process subsequently leading to early onset of Type i diabetes.
